Changes in the immunoreactivity
The morphology of the rat pituitary gonadotrophs has been studied using electron microscopy, immunocytochemistry or a combination of these two techniques (Kurosumi and Oota, 1968; Kurosumi, 1974; Tougard et al., 1973 Tougard et al., , 1980 Tixier-Vidal et al., 1975; Yoshimura et al., 1977 Yoshimura et al., , 1981 ; however, many of the previous studies were conducted on male rat pituitaries presumably because of the lack of distinct functional changes in gonadotropin secretion in this sex. It is well established that the serum luteinizing hormone (LH) concentration increases remarkably at proestrous, while it stays at basal levels in the other phases of the estrtrous cycle (Blake, 1976) . This transient increase in serum LH on the afternoon of proestrus results in remarkable depression of pituitary gonadotropin storage, and this may be followed by the subsequent gonadotropin synthesis by the next surge (Blake, 1980) . Pituitary gonadotrophs seem to undergo distinct morphologic change according to these functional changes during the sexual cycle. Moriarty (1976) described the change in the LH and follicle stimulating hormone (FSH) storage pattern in cyclic female gonadotrophs as well as changes in the proportions of the populations of three morphologically different gonadotrophs. Blake (1980) , who reported the ultrastructural changes in rat LH gonadotrophs around the LH surge using electron microscopic immunocytochemistry, observed marked degranulation of LH gonadotrophs during late proestrus, The present study was carried out to characterize in detail the morphologic changes in LH gonadotrophs of the cyclic female during the estrous cycle, using immunocytochemistry, protein A-gold method, and superimposition by electron microscopy and immunocytochemistry. Special attention was paid to the ultrastructural changes in the LH immunoreactive cells before and after the proestrous LH surge, comparing these findings with the changes in serum and pituitary LH concentrations monitored by RIA. Fine structure of gonadotrophs during the estrous cycle 1200h Proestrous Many of the LH cells were polygonal or oval in shape containing numerous secretory granules and profiles of rough endoplasmic reticulum (rER) (Fig. 4) . The secretory granules seemed to be uniform in size and reacted strongly to the antiserum. The LH cells with long cytoplasmic processes were occasionally found in the gland (Fig. 5) . Secretory granules accumulated at one end of the processes which faced a blood capillary.
Proestrous
During late PE, the LH cells were found to retain a few secretory granules, corresponding to a deline in immunoreactivity. Figure 6 shows one of these celles which contains many mitochondria, a well developed rER, but few secretory granules. The Golgi complex was prominent and consisted of dilated sacs. In contrast, small numbers of LH cells were found to contain numerous secretory granules at this time (Fig. 7) . These cells were ovoid in shape. and were characterized by having flattened rER, small and abundant granules, an intense reaction to the antiserum. They seemed to be the same kind of cells as those which were commonly observed at PE noon (Fig.  4) .
Estrous
At this stage, the number of degranulated LH cells decreased when compared with those observed at 2100 h PE. Degranulated LH cells (Fig. 8) were often polygonal and less ovoid in shape, containing a few secretory granules (100-120 nm in diameter). The rER was flattened and Golgi complex well developed. This cell type resembled degranulated LH cells found at late PE.
Diestrous
LH cells recovered their immunoreactivity considerably by this time, with an increase in the number of secretory geanules per cell profile (Fig. 9) . The predominant cell type during DE is ovoid or polygonal in shape and contains abundant secretory granules, flattened rER, and a well developed Golgi apparatus. During this period, many LH cells were found to have both large (more than 300 nm in diameter) and small (150-200 nm in diameter) secretory granules.
Protein A-gold technique LH storage in the gonadotrophs was localized by the protein A-gold complex on sections fixed with glutaraldehyde (Fig.  10) . The labeling of gold particles was found exclusively over the gonadotrophs with minimal background labeling over the other cell types or over the nuclei. On detailed examination, the gold particles tended to be more densely concentrated over the small granules than over the large secretory granules, and were also scattered in the cytosol (Figs. 10a and b) .
Discussion
In the present study, dilution of the first specific antiserum was carefully controlled to distinguish both intensely and weakly stained cells. Intensity of coloration by the peroxidase reaction seems to depend to a a certain extent on the amount of antigen fixed on the section, provided that the antiserum is used at the appropriate dilution (Shirasawa et al., 1983) . Therefore, the difference in staining intensity between LH cells observed in this study may reflect the differences in the LH content in individual cells. We observed a remarkable decline in immunoreactivity of LH cells after the LH surge, however, the total LH cell population did not show any significant change throughout the sexual cycle. These date are compatible with the cell count data of Dada et al. (1983) by light microscopic immunocytochemistry. This suggests that the cells with reduced immunoreactivity in late PE might have discharged their LH store at the surge. It is noteworthy that the decline in the staining intensity did not occur in all of LH cells but only in some. The percentage of intensively stained cells was reduced by 50% during the surge, and about 30% of the total LH cells display intense staining even at late PE. These results, taken together with the fact that the weakly stained cells share up to 20% at PE noon, suggest that not all of the LH cells always secrete LH synchronously at the time of the preovulately surge. A possible alternative explanation is that some cells may be able to synthesize LH after the discharge in a short time, and thus restore their immunostainability by late PE. The decrease observed in immunoreactivity of LH cells after the surge and subsequent restoration coincides well with the changes in pituitary LH concentration.
Superimposition using electron microscopy and immunocytochemistry showed that the decrease in LH cell immunoreactivity may be due to a reduction in the number of secretory granules. Intensely stained cells consistently contain a large number of granules at any stage of the sexual cycle. Analysis by protein A-gold technique confirmed the LH storage in small secretory granules. These observations are in good agreement with the description of Blake (1980) which indicates that the anterior pituitary gland LH concentration is directly related to the number of LH secretion granules during the rat estrous cycle. Our results are in contrast to those obtained by Polkowska and Jutisz (1979) , who observed remarkable changes in the LH cell population in the gland during the sexual cycle and found that degranulation occurred in most of the gonadotrophs. The difference between these two studies is considered to be due in part to the differences in the sensitivity of immunostaining or in the time when the animals were killed.
The present electron microscopic study demonstrated remarkable changes in the amount of secretory granules during the sexual cycle. However, the basal structure of the LH cells seemed not to be altered. The LH cells in female rats are characterized fine structurally by flattened ER, numerous small secretory granules, many mitochondria, a well developed Golgi complex and round nuclei. The cells tended to be polygonal or oval in shape at PE as described by Blake (1980) . Secretory granules were generally small in diameter, whereas the large ones were observed only during DE. These features are quite different from the common structure of male goandotrophs described earlier. In male rats, LH cells are usually ovoid in shape, containing large (400-700nm in diameter) and small (about 250nm in diameter) secretory granules, and well developed vesiculated rER. The LH cells with only small granules found in PE may be identical in fine structure to the Type II gonadotroph of the classification of Kurosumi (1974) , the Type B cell described by Tougard et al (1980) 
